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Abstract Fine structures embedded in type-IV burst continua may be used
as diagnostics of the magnetic field restructuring and the corresponding energy
release associated with the low corona development of flare/CME events. A
catalog of 36 type-IV bursts observed with the SAO receiver of the ARTEMIS-
IV solar radio-spectrograph in the 450–270 MHz range at high cadence (0.01 sec)
was compiled; the fine structures were classified into five basic classes with two or
more sub-classes each. The time of fine structure emission was compared with the
injection of energetic electrons as evidenced by HXR and microwave emission,
the SXR light-curves and the CME onset time. Our results indicate a very good
temporal association between energy release episodes and pulsations, spikes,
narrow-band bursts of the type-III family and zebra bursts. Of the remaining
categories, the featureless broadband continuum starts near the time of the first
energy release, between the CME onset and the SXR peak, but extends for
several tens of minutes after that, covering almost the full extent of the flare–
CME event. The intermediate drift bursts, fibers in their majority, mostly follow
the first energy release but have a wider distribution, compared to other fine
structures.
Keywords: Radio Bursts, Dynamic Spectrum, Meter-Wavelengths and Longer,
Association with Flares, Coronal Mass Ejections
1. Introduction
Solar metric radio bursts provide a unique diagnostic of the development of
flare/CME events in the low corona; their onset and evolution coincides with
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an extended opening of the magnetic field, accompanied by energetic-particle
acceleration and injection into interplanetary space as well as shocks (e.g. review
by Pick and Vilmer, 2008). Their signatures at metric–decimetric and longer
waves trace disturbances propagating from the low corona to interplanetary
space.
The complexity of the above mentioned processes is reflected in a diversity
of forms in dynamic spectra, which exhibit a variety of fine structures in time
and frequency; these are characterized by a wide range in period, bandwidth,
amplitude, temporal and spatial signatures. The fine structures may be used
for the detailed study of the magnetic field restructuring and the corresponding
energy release associated with solar flare/CME events (e.g. reviews by Benz,
2003; Nindos and Aurass, 2007). A number of morphological taxonomy schemes,
mostly in the microwaves and the decimetric frequency range, have been pre-
sented (Bernold, 1980; Slottje, 1981; Guedel and Benz, 1988; Allaart et al., 1990;
Isliker and Benz, 1994; Jiˇricˇka et al., 2001; Fu et al., 2004) of which the most
recent are also the most comprehensive.
In this work we examine fine structures observed during type-IV solar ra-
dio events observed with the ARTEMIS-IV solar radio-spectrograph from the
beginning of 1999 until the end of 2005; to these we added two well observed
events with rich fine structure recorded in 2010. Some of these events were first
catalogued in Caroubalos et al. (2004). Our study is concentrated on a statistical
analysis of the fine structures and their association with the various phases of
the flare/CME phenomenon, which could be useful in understanding details of
the evolution of the solar energetic phenomena through their radio signatures. In
developing our classification scheme we have built upon the Ondrejov catalogue
(Jiˇricˇka et al., 2001; Jiˇricˇka, Karlicky´, and Me´sza´rosova´, 2002; Me´sza´rosova´,
Karlicky´, and Jiˇricˇka, 2005) which was based on data in the 0.8–2.0 GHz range.
In Section 2 we discuss the instrumentation and the data selection. The results
of our morphological analysis and classification are given in Section 3, the relative
timing of fine structures with respect to the flare evolution is discussed in Section
4 and the conclusions are presented in Section 5.
2. Observations and Data Selection
The basic data used in this study are the high and medium resolution dynamic
spectra recorded by the ARTEMIS1–IV solar radio-spectrograph at Thermopylae
(Caroubalos et al., 2001, 2006; Kontogeorgos et al., 2006). It consists of a 7 m
parabolic antenna covering the metric range; to this a dipole aerial adapted
to the decametric range was added in October 2002. Two receivers operate in
parallel, a sweep frequency analyzer (ASG) covering the 650-20 MHz range in
630 channels with a cadence of 10 samples/sec and a high sensitivity multi-
channel acousto-optical analyzer (SAO), which covers the 270-450 MHz range in
128 channels with a high time resolution of 100 samples/sec. The narrow band,
1Appareil de Routine pour le Traitement et l’Enregistrement Magnetique de l’ Information
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high time resolution SAO recordings are used in the analysis of the fine temporal
and spectral structures and they constitute the major data set of this work. The
broad band, medium time resolution data of the ASG, on the other hand, are
used for the detection and analysis of radio emission from the base of the corona
to ∼ 2 R.
For the study of the association of the fine structures with the flare evolution,
we used:
• CME data from the LASCO coronograph (Brueckner et al., 1995) on line2
event list (Yashiro et al., 2004; Gopalswamy et al., 2009); the CME onset
times used in this study were estimated from the LASCO movies using the
linear regression by Yashiro et al. (2001) and are included in the on–line
LASCO event list. We have supplemented this data set with information
from the CACTUS3 CME Catalogue (Robbrecht and Berghmans, 2004;
Robbrecht, Berghmans, and der Linden, 2009)
• The NOAA Solar Geophysical Data catalogues and Soft X–Ray (SXR) on
line4 light curves from GOES. The SXR observations provide a fairly accu-
rate estimate of the start of solar flares and a less accurate one of their end
time; the corresponding source locations are also included in the NOAA
catalogue and are used in this work, in addition to the EIT images, for
the establishment of the spatial association of the SXR flare–CME–radio
emission (see below)
• Hard X–ray (HXR) light curves were obtained from the RHESSI (Lin and
The Hessi Team, 2001; Lin et al., 2002) archive for the events after the
beginning of 2003. For the events prior to 2003 we have used data from
the MTI/HXRS (Fa´rn´ık, Garcia, and Karlicky´, 2001) and BATSE/GRP
(Fishman et al., 1982, 1984) experiments.
• Microwave data from the Radio Solar Telescope Network (RSTN, Guidice
et al., 1981) at 4.995 GHz; in a few events the 2.695 GHz channel of the
Trieste Solar Radio System (TSRS Messerotti, Zlobec, and Padovan, 2001)
was used instead.
• Two-dimensional images of the Sun at five frequencies (164, 236.6, 327,
410.5, and 432 MHz) from the Nanc¸ay Radio Heliograph (NRH) (Kerdraon
and Delouis, 1997). All five frequencies are within the spectral range of the
ASG, while the last three are also within the range of the SAO; they hence,
supplement the dynamic spectra with positional information on the radio
emission. A detailed investigation of the positions of fine structures with
respect to the bulk of the type-IV emission has not been attempted in this
work, but will be the subject of subsequent publications.
• Images from the Extreme Ultraviolet Imaging Telescope (EIT) on-board
SOHO (Delaboudinie`re et al., 1995); they were used in order to provide
information on the position of the associated flare.
2http://cdaw.gsfc.nasa.gov/CMElist
3http://sidc.oma.be/cactus/
4http//www.sel.noaa.gov/ftpmenu/indices
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Figure 1. Example of Type-IV and fine structure–Flare–CME temporal relationship from
combined data for the 21 April 2003 Event. (a): ARTEMIS-IV ASG dynamic spectrum. (b):
The GOES SXR Flux; the CME onset time, from the LASCO lists is marked with arrow.
(c): Microwave (4995 MHz) flux from the RSTN (SVTO). (d): Time range of the type-IV, II,
spikes, fibers, pulsating and zebra structures.
The soft X-ray light curves provided the overall time evolution of the flares;
the microwave and hard X-ray light curves, which are very good signatures of
electron acceleration, were used to estimate the time of the first major episode
of energy release. This time was used as a reference for the relative timing of fine
structures. For the association of the type-IV radio events with flare emissions
and CMEs we used spatial and temporal criteria as follows (see also Caroubalos
et al., 2004, where similar criteria were employed).:
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Figure 2. Examples of type-IV–flare–CME spatial association from combined data. In the
left column the NRH half power contours are overlaid on EIT images. The middle and right
columns show the flare position from the NOAA/SGD catalogues and the direction of the
CME launch (except for halo); this is marked graphically by the CME position angle and the
angular width from the LASCO lists. The events of 18 November 2000 (a) and 28 October
2003 (b) for which excellent spatial association was established among all data sets. (c): The
event of 06 April 2004 accompanied by a halo CME exhibits a good association with the active
region and the type-IV position (see text for details). (d): The event of 13 July 1999 at 06:00
UT, outside the NRH observation window.
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• For the type-IV–flare association: for the temporal association we required
the overlap, at least in part, of the total duration of the flare with the
total duration of the radio emission (see Figure 1 for an example). For
the spatial association we used positional data from the Nanc¸ay Radio
Heliograph images and movies; we examined coincidence with flares using
their position recorded in the NOAA Solar Geophysical Data catalogues.
If both criteria were satisfied we classified the association as excellent; if
we could not establish a spatial association due to lack of NRH positional
data, the association was characterized good.
• Once relationship between type IV and SXR flare was established, we deter-
mined the time of the first peak of the HXR and/or the microwave bursts,
which we treated as the signature of the first impulsive energy release.
This was used as a reference for comparing the relative timing of the fine
structure.
• For the CME–flare association: from the time–height diagrams in the CME
lists we defined a time window of 60 minutes between the CME onset time
and the peak of the accompanying SXR flare; we use the flare peak rather
than the onset, since the former is more easily identifiable. To establish
spatial association, we required that the flare and the CME originated in the
same quadrant as schematically depicted in Figure 2. For this we compared
the flare location with the CME position angle, which refers to the fastest
moving segment of the CME leading edge, and the angular width; the latter
was only used for non-halo CMEs.
For twelve events the spatial criterion failed to lead to the acceptance or
rejection of association, due to either the lack of positional data for the radio
burst or the flare or to the appearance of more than one accompanying flares
as candidates for association. These events were not eliminated from the data
set, but were only used in deriving the basic statistics of the fine structure
parameters.
The basic characteristics of the type-IV continuum, the fine structure, the
accompanying type-II and type-III bursts and the associated flare and CME of
the 36 selected events are presented in Table A1. Their dynamic spectra, light
curves and the relative timing of fine structures are given in Appendix B, while
four examples of the CME–flare–type-IV event spatial association, of varying
quality, are presented in figure 2.
3. Morphology and Classification
The 36 type-IV bursts selected as described in Section 2 were further examined
for the existence of fine structures, which were classified on the basis of their
morphology in the SAO dynamic spectra.
As the various types of fine structure overlapped, the use of a number of high
and low pass filters on dynamic spectra became necessary. The suppression of
the continuum background by high pass filtering in time resulted in enhance-
ment of fast time-varying spectral structures such as pulsations, fibers, etc. The
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Figure 3. Example of high resolution type IV recording of the ARTEMIS-IV/SAO with fine
structure enhancement by means of filtering. (a): The original dynamic spectrum of the type-IV
continuum. (b): High pass filtering along the time axis reveals underlying pulsations and fibers.
These are disentangled by means of high pass filtering along the frequency axis which removes
pulsations (c) and low pass filtering along the frequency axis which suppresses fibers (d).
disentanglement of pulsations from other types of structures with medium to
low frequency variation, such as fibers, was obtained by low–pass filtering of the
dynamic spectra along the frequency axis; the opposite was obtained with the
complementary high-pass filtering providing pulsation suppression and facilitat-
ing the detection of fibers and similar structures (see figure 3). Occasionally the
fine structure onset appears to precede the start of the type-IV continuum on the
synoptic chronological evolution diagrams (e.g. Figure 1); this effect results from
the above-mentioned processing of the dynamic spectra which permits detection
of fine-structure even if the continuum is not detectable, being too close to the
background.
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In all events the radio continuum was found to exhibit a combination of three
or more types of fine structures embedded within longer or shorter periods of
smooth continuum. The classification of fine structures was based on phenomeno-
logical characteristics, grouping these bursts by the similarity of their form in the
dynamic spectra. The criteria jointly employed were: bandwidth, duration, drift
rate, substructures, impulsive behavior, etc. (see the review by Benz, 2003). This
work focuses mainly on basic classes of fine structures that have been identified
and documented from observations by a number of radio-spectrographs during a
rather extended period of time; further division into sub-classes has been known
to depend on receiver sensitivity as well as on the time and frequency resolution
(see Elgaroy, 1986, for example). Examples of the effect of improved resolution
are zebras and fibers which, at high cadence observations, turn out to be patterns
of dot-bursts (Me´sza´rosova´ et al., 2008) or spikes (Chernov, Yan, and Fu, 2003)
in zebra-like or fiber-like chains. Most of the basic classes examined, include
more than one sub-classes corresponding to the Ondrejov classification (Jiˇricˇka
et al., 2001) and the earlier catalog by Isliker and Benz (1994). This approach
introduces a two level hierarchy of basic classes and sub-classes.
We identified the following basic classes of fine structures embedded in the
type-IV continua:
3.1. Featureless Broadband Continuum
This class of structures, known also under the diffuse continuum label, comprises
both featureless segments of type-IV bursts as well as structures of smaller
frequency bandwidth and duration such as slowly drifting bursts and patches.
Our data indicate long periods of broadband continuum overlapping in time
with the SXR emission, with embedded intermittent periods of pulsation, fiber
bursts, spike groups and zebra bands. Intensity variations within the smooth
periods of the type-IV bursts, which could qualify as patches were also recorded.
On the average, the smooth periods of absence of fine structure varied between
0% to 60% of the type-IV continuum duration; the relatively longest smooth
periods were found to increase with the duration of the type-IV burst. We note
that, although featureless periods have been recorded in the past, our high
cadense data indicate that fine structure may still be revealed at adequately
high resolution and sensitivity.
3.2. Pulsating Structures
This class includes drifting and stationary pulsating structures (see review by
Nindos and Aurass, 2007); the shortest groups of pulsating structures with du-
ration of the order of 10 seconds appear as Isolated Broadband Pulses in Jiˇricˇka
et al. (2001); Jiˇricˇka, Karlicky´, and Me´sza´rosova´ (2002); Me´sza´rosova´, Karlicky´,
and Jiˇricˇka (2005). The pulsations are considered as the radio-signature of ki-
netic plasma instabilities, induced by energetic electron populations from quasi-
periodic acceleration episodes in reconnecting current sheets (Aurass, 2007).
In our sample 59 periods of pulsations were detected in 33 events; an auto-
correlation analysis of their intensity–time profiles indicated periodicities in the
0.6–3 sec range and individual pulse widths in the 0.35–1.3 sec range. Their
bandwidth exceeds that of the SAO receiver (180 MHz).
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Figure 4. Examples of Narrow Band Bursts observed by ARTEMIS-IV. (a): Spike clusters
on 13 July 1999 at 0.01 sec resolution. (b): Spike drifting Chains on November, 03 2003. (c):
Subsecond Narrow Band Bursts. (d): Example of patch on 03 November 2003.
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3.3. Narrow Band Bursts
These are reported as narrow-band bursts of the type-III family, spikes, dots and
sub–second patches, depending on their shape on the dynamic spectra, (part of
the same family are the III(U) and III(J) narrow-band bursts reported by Fu
et al., 2004; Bouratzis et al., 2010). They have been interpreted as signatures of
small scale acceleration episodes (Nindos and Aurass, 2007). In this basic class
we might also include the sawtooth oscillations by (Klassen, Aurass, and Mann,
2001) although associated with type-II shocks. Figure 4 shows some examples
from our data set.
In the ARTEMIS-IV/SAO data set the average duration of individual spikes
was found to be ≈ 70 ms; the relative bandwidth on the dynamic spectra
was df/f ≈ 2%. In a subset of the recorded spikes a positive or negative
frequency drift rate was measurable; typical values were found to be df/fdt ≈
±(0.3 − 0.6) sec−1 comparable to the type-III frequency drift rate (see Table
1 of Benz, Csillaghy, and Aschwanden, 1996, where df/fdt = 0.31 sec−1 at
328 MHz). More often than not, the bursts of this class were grouped in clusters
of individual spikes close in time and/or frequency. A particular class of cluster
are the spike-chains which exhibit overall frequency drift; the majority of these
exhibits negative drift df/fdt ≈ –0.021 while few drift towards higher frequencies
at a rate df/fdt ≈ -0.033 sec−1. The average chain duration in our data set was
within the 2–20 sec range.
3.4. Intermediate Drift Bursts
These include the typical fibers and the narrow-band Rope-like fibers (Mann
et al., 1989; Chernov, 1990, 2006, 2008); there are also variants of these sub-
classes such as the broadband fibers (Chernov et al., 2007) which were observed
in the wake of type-II bursts. The fiber bursts are thought to be the result of
whistler–Langmuir or Alfven–Langmuir wave interaction in, mainly, postflare
loops; a more recent interpretation (Karlicky´, Me´sza´rosova´, and Jel´ınek, 2013)
resorts to fast magnetoacoustic wave trains. Due to their origin they qualify as,
model dependent, magnetic field diagnostics (see Kuijpers, 1975; Aurass et al.,
2005; Rausche et al., 2007).
On the average, the fiber bursts recorded by the ARTEMIS-IV/SAO (see
examples in Figure 5) exhibit normalized drift rates df/fdt ≈0.03 sec−1. Some
outliers, however, of the drift rate distribution reached ≈0.4 sec−1 which im-
plies exciter speeds comparable to the type-III bursts; these were dubbed Fast
Drift Bursts by Jiˇricˇka et al. (2001); Jiˇricˇka, Karlicky´, and Me´sza´rosova´ (2002);
Me´sza´rosova´, Karlicky´, and Jiˇricˇka (2005). In this work, these outliers were
provisionally retained in the Intermediate Drift Bursts category.
In our data set nineteen events had multiple groups of fibers and in two
events rope-like fibers were recorded; the fiber rate period was in the range
0.46–2.3 sec. The individual fibers had a duration of ≈ 0.4 sec and instantaneous
bandwidth of ≈ 3.5 MHz (consistent with observations of Benz and Mann, 1998,
in the 1–3 GHz range); the group extent in frequency was, on the average,
≈ 40 MHz which corresponds to df/f ≈ 0.11. The majority of the fibers had neg-
ative drift rates df/fdt ≈ −0.023 sec−1, while those with positive drift reached
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Figure 5. Example of Intermediate Drift Bursts. (a): Fiber bursts. (b): A complex group of
fibers observed by ARTEMIS-IV on 14 July 2005. (c): Fast drift structures with drift rate
approximately double that of the typical fiber. (d): Ropes.
rates df/fdt ≈ 0.034 sec−1; the latter always coexisted with fibers of negative
drift rate. A comparison of these results with the spike-chain characteristics in
subSection 3.3 indicates that the fiber frequency drift rates and instantaneous
band-widths are, on the average, equal to the spike-chain frequency drift rate
and the individual spike bandwidth.
Finally, groups of fibers with different drift rates were found overlapping on
dynamic spectra (see Figure 5 for an example); it is not clear whether these
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Figure 6. ARTEMIS-IV high–resolution dynamic spectra of Emission bands: (a): Zebra struc-
ture. (b): Zebra superposed on pulsations. (c): Recording of Zebra structures with possible
Evolving Emission Line (EEL on the figure) at the high frequency limit of the Event; Z1 and
Z2 mark typical and fiber-associated zebra patterns. (d): Lace Burst on 14 July 2000.
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might constitute a separate sub-class or if they originate from different regions;
further analysis employing NRH images may clarify this question.
3.5. Emission Bands
These comprise the various sub-types of the zebra family (classic or pulsation–
superposed zebra patterns, fiber-associated zebras (Chernov, 2005, 2006), zebras
with drifting emission envelope (Zlotnik et al., 2009)), the rare lace-bursts (first
reported by Karlicky´ et al., 2001, see bottom panel of Figure 6 for an exam-
ple recorded by ARTEMIS-IV), the equally rare single emission band, dubbed
Evolving Emission Line (EEL), first reported by Chernov et al. (1998) in the
decimetric frequency range and Fu et al. (2004); Ning et al. (2008) in the GHz
range. In the same basic class we may include some unusual bursts consisting of
short (≈ 2–4 ms), parallel stripes with a relative delay as frequency decreases;
they are characterized by an overall frequency drift (Oberoi, Evarts, and Rogers,
2009). The zebra-burst emission mechanism has been attributed to a number
of different interpretations, some based on double plasma resonance (Zlotnik
et al., 2003; Aurass et al., 2003), Bernstein modes or plasma wave trapped in
resonators, to mention but a few (see Chernov, 2005; Nindos et al., 2008);
the double resonance interpretation has been also proposed for the lace-bursts
(Fernandes et al., 2003; Ba´rta and Karlicky´, 2005). Chen et al. (2011) have
provided observational evidence in support of this interpretation.
Twenty two events of our data-set exhibited one or more patches of zebra
structures; they appeared in almost equal numbers before and after the flare
maximum. The examination of the energy release episodes indicated a good
correspondence between these two; all patches of zebra bands were within 5
minutes of the time of the release episode, provided that the frequency of the
latter, estimated from the type-III feet or the type-IV burst high frequency
boundary, was within the SAO range. The majority were pulsation and fiber
associated zebra (12) within overlapping pulsation and fiber activity and their
association could not be resolved. Five zebra patches appear clearly pulsation-
associated. Seven periods of lace-bursts were also recorded; they were found to
coincide in time and frequency, mostly, with pulsations and spikes. Only one
EEL was recorded. Examples of zebras, laces and the above-mentioned EEL are
shown in Figure 6.
A summary of the properties of all fine structures is presented in Table 1.
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Figure 7. Histograms of the time of occurrence of the CME onset, SXR peak, pulsations,
spikes (narrowband bursts), zebra patterns and fiber bursts (intermediate drift bursts) with
respect to the time of the first impulsive energy release. Note that the bin size is 10 min for
the CMEs and the Intermeniate Drift Bursts and 5 min for the others. Dashed vertical lines
mark the median of the distributions.
4. Relative Timing of Fine Structures
As mentioned in Section 2, the time of first impulsive energy release, evidenced
from the first HXR/microwave peak, was used as reference for timing the ap-
pearance of fine structures with respect to the evolution of the flare process.
Figure 7 shows the distributions of the relative time of occurrence of various
fine structures, together with those of the CME onset and SXR peaks. As each
event shows multiple instances of fine structure, we used all of them for the
computation of the histograms. A number of events exhibit composite struc-
ture, with clearly distinct HXR/microwave peaks or groups, within the same
SXR peak and the same type-IV burst (see for example event 27, Figure B27).
Some of the associated fine structures could not be identified with a particular
HXR/microwave peak; these were not used for the computation of the histograms
in Figure 7.
The CME onset preceeds the first impulsive energy releaseby several minutes
(Figure 7) in agreement with Zhang et al. (2001); Webb and Howard (2012).
The histogram of SXR peaks shows a sharp maximum 5 min after the first
impulsive energy release, as expected. A more detailed chronological evolution is
schematically depicted in figures 8, 9 and 10; in the latter we have included the
times of the standard type-III bursts. We note that, in the case of the continuum,
the determination of the onset is threshold dependent so the times reported in
the figures as well as in Table A1 are approximate only.
Among our 36 events, small periods of broadband diffuse continuum were
recorded in 8 and patches were found in 7. With very few exceptions, they
started between the CME onset and the SXR peak, extending for several tens
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Figure 8. Relative timing of pulsations and zebra stripes associated with the Type-IV con-
tinua (gray); the z labels mark the short periods of zebra stripes. The circles mark the CME
onset and the X symbols the SXR flux maximum. Time is in minutes from the first impulsive
energy release. The event number is marked at the right (cf. Table A1).
Figure 9. Same as Figure 9 for fiber bursts.
of minutes after that. This time interval of continuum emission, well past the
impulsive phase, was named by Benz et al. (2006) extended decimetric emission,
based on dynamic spectra obtained during the active period October–November
2003.
As shown in Figure 7, pulsations show a narrow distribution around the time
of the first impulsive energy release, with the median of their histogram at 1.5 min
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Figure 10. Same as Figure 9 for Spike groups and type-IIIs (Standard type-IIIs).
and a full width at half maximum (FWHM) of 8.0 min. Their total duration is
smaller than that of the continuum, though in event 14 they extended for more
than 150 min after the flare maximum (Figure 8).
Narrow band bursts also cluster around the first impulsive energy release;
their histogram peaks at 0 min, with a median value of 6.5 min and a FWHM of
18.0 min. Although they concentrate mostly around the flare maximum, they oc-
casionally cover longer periods within the flare decay phase, probably associated
with subsequent energy releases. Furthermore, narrow band fine structures may
appear before the impulsive phase of the flare (see for example Aurass, 2007).
The peak of the histogram for Zebra patterns is 5 min after the first impulsive
energy release, with a median value of at 6.8 min and a FWHM of 10.0 min. The
distribution exhibits a secondary peak around 120 min due to the contribution
of the longest events which are characterized by secondary energy releases ac-
companied by Zebra patterns. It appears that the energy release episodes, initial
and secondary, provide the energetic electrons required in triggering this type
of fine structure within loops (see Zlotnik et al., 2005). Characteristic examples
of multiple energy release episodes are events 13 (26 October 2003) and 19 (30
March 2004 (B)) in Appendix B.
Intermediate drift bursts (fibers), which are known to appear often in postflare
loops, (see Chernov, 2006), are the most dispersed of all, with their distribution
showing two peaks, 10 and 40 min after the first impulsive energy release.
5. Discussion and Conclusions
Using the high time resolution SAO receiver, operating in the frequency range
of 450–270 MHz on the ARTEMIS-IV radio-spectrograph, we observed a num-
ber of fine structure busts embedded in metric type-IV radio continua; these
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were compared with the associated HXR bursts, the GOES/SXR flares and
SOHO/LASCO CMEs in order to establish a relationship between this type of
radio-bursts and the evolution of solar energetic phenomena. Our study started
with the examination of the characteristics of each type of fine structure, such
as bandwidth, duration, frequency drift rate, shape on the dynamic spectrum
etc. This necessitated an appropriate taxonomy, due to the diversity of form; we
introduced a two level hierarchy of basic classes and sub-classes.
At the top level, this two-level hierarchy adopted the basic classes of fine struc-
tures which have been recognized and documented from multiple observations
over an long period of time. The second level division into sub-classes permits
the inclusion of new and, probably, rare types of bursts alongside the well known;
the ensuing subdivisions match, more or less, the Ondrejov taxonomy (Jiˇricˇka
et al., 2001), but include other types of fine structure as well. We note at this
point, that the subdivision into types and sub-types, based solely on morphology
and not the underlying radiation process, remains an artificial construct, often
dependent on the resolution of observational data. Furthermore the classes thus
defined, are rather broad and may, at times, include bursts morphologically
similar yet originating from different radiation processes. It is, however, necessary
as a background for theoretical work, as already pointed out by Elgaroy (1986)
and Benz (2003), despite the fact that the classification, in particular the second
level, remains more or less tentative.
The time of appearance of the type-IV fine structures with respect to the
evolution of the associated CMEs and flares was subsequently examined. Our
data indicate that the type-IV continua, in which the fine structures were em-
bedded, were associated with flare eruptions exhibiting spatial scales from the
active region size up to almost one solar radius, thus verifying that bursts
accompanied by type-IVs are usually complex events which probably involve
multiple components of smaller scale. We therefore used the time of the first
impulsive energy release, evidenced from HXR and/or microwave time profiles,
as a reference for timing the fine structures. This reference time is very near the
time of the first appearance of type-III emissions, as expected.
In the vast majority of the cases studied, the onset of all classes of fine
structure shows a close temporal association with the first impulsive energy
release, which places their onset between the CME onset and the SXR peak.
The closest association was found for the pulsating structures, which show a
narrow distribution with a median at 1.5 min after the first impulsive energy
release. Narrow band bursts (spikes and narrow band bursts of the type-III
family) come next, with a histogram median at 6.5 min, closely followed by
Zebra patterns at 6.8 min. Intermediate drift bursts (fibers) are more dispersed,
with their distribution showing two peaks, 10 and 40 min after the first impulsive
energy release.
Pulsations and zebras show the narrowest distribution with a full width at
half maximum (FWHM) of 8.0 and 10.0 min respectively, followed by narrow-
band bursts with FWHM=18.0 min. More dispersed are the intermediate drift
bursts, with two peaks in their distribution at 10 and 40 min.
More detailed studies of the various fine structures will appear in subsequent
publications.
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Appendix
A. Comprehensive Catalogue of the ARTEMIS-IV Recordings
In Table A1 we provide a summary of the metric type-IV bursts with fine
structure recorded by the ARTEMIS-IV/SAO receiver; accompanying metric
busts and explosive events are included for comparison. Column 3 gives the type
of activity (for SXR flares we give the flare class, IV corresponds to type-IV
continuum). Column 4 gives the extrapolated launch time of CMEs, as specified
in section 3. The location of the flare on the disk and the NOAA active region
number are given in column 8. In the same column we give the Measurement
Position Angle (MPA) of the CMEs with their angular width in parenthesis
as explained in section 2. Comments and remarks, when necessary, have been
added below the appropriate entries. A collection of observational data, including
dynamic spectra, is given in Appendix B.
Table A1.: ARTEMIS-IV Observations: Metric Radio Bursts and Associated
LASCO CMEs and GOES SXR Flares.
# Date Activity Start Max End Position of
Universal Time AR–CME
1 30.06.1999 M1.9 11:24 11:30 11:45 S15E00–8603
CME 11:18 03 (halo)
SVTO 4995 MHz 11:26 11:28 11:29
IV 11:26 11:38
II 11:26 11:28
III 11:26
Spikes 11:10 11:27
Puls. 11:26 11:38
Zebra 11:29 11:29
Spikes 11:29 11:33
Spikes 11:37 11:45
Note: In the 11:10–11:22 UT Interval there are intermittent spike bursts; these
become chains and clusters after 11:22 UT by the time of the energy release
episode marked by the SVTO peak.
2 13.07.1999 C2.9 05:22 05:46 07:00 8628
CME 05:43 46 (8)
IV 05:57 05:59
II 06:02 06:05
SVTO 4995 MHz 05:57 05:58 06:00
III 05:57
Spikes 05:55 6:05
Puls. 05:57 05:59
Zebra 05:57 05:58
Note: The event started before the ARTEMIS-IV Observations. Outside NRH
Daily Observations.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
3 15.04.2000 M4.3 10:09 10:18 10:35 S22E29–8955
CME 10:04 93 (176)
IV 10:16 10:55
III 10:12
III 10:17
Spikes 10:14 10:18
Puls. 10:16 10:27
Ropes 10:17 10:17
Spikes 10:20 10:22
Note: No HXR or Microwave Data.
4 15.04.2000 C1.0 12:13 12:17 12:23 –
C3.0 13:38 13:43 13:50 S22E29–8955
M2.2 14:37 14:48 15:00 S23E28–8955
CME 14:18 165 (43)
HXRS 45 KeV 14:31 14:34 14:37
IV 12:13 14:44
III 13:41
III 14:40
III 15:10
HXRS 45 KeV 14:40 14:42 14:44
Spikes 11:50 15:10
Puls. 14:39 14:43
Note: Spikes started during the previous flare at 10:14 UT and lasted till the
end of the day. There are also several type-III bursts during this time interval.
Propably a type-IV burst was still present from the previous flare (event 03),
but it is too faint on dynamic spectrum. NRH Data GAP.
5 30.04.2000 C7.7 07:53 08:08 09:30 S11W18–8976
CME 08:10 186 (104)
IV 08:00 08:30
SVTO 4995 MHz 07:54 08:01 08:09
II 07:55 08:02
III 07:56
Spikes 07:50 08:01
Fiber 07:58 08:02
Puls. 08:01 08:10
Spikes 08:08 08:22
Fiber 08:12 08:16
Ropes 08:20 08:20
Note: Weak flux enhancement at 4995 MHz, peak uncertain. The type-IV burst
in two parts; a drifting type-IV 07:59-08:07 UT from 500–200 MHz and a
stationary continuum in the 600–250 MHz range; NRH Data GAP.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
6 11.07.2000 X1.0 12:12 13:10 14:30 N18E42–9077
CME 12:33 62 (halo)
IV 12:36 15:20
HXRS 45 KeV 12:58
Spikes 12:38 13:16
Puls. 12:47 12:48
Fiber 12:55 12:56
Puls. 12:56 13:29
Fiber 13:03 13:04
Fiber 13:19 13:26
Spikes 13:22 13:29
Zebra 13:29 13:29
Fiber 13:31 13:40
Puls. 13:32 13:40
Zebra 13:35 13:35
Puls. 13:43 13:53
Fiber 13:48 13:54
Note: Double peak in HXR
7 14.07.2000 X5.7 10:03 10:24 11:30 N22W07–9077
CME 10:15 273 (halo)
IV 10:12 11:41
II 10:11 10:37
III 10:10
HXRS 45 KeV 10:08 10:15
TSRS 2695 MHz 10:10 10:29 10:45
III 10:28
Puls. 10:10 10:38
Spikes 10:11 10:14
Spikes 10:18 10:34
Lace 10:18 10:19
Fiber 10:33 11:25
Zebra 10:35 10:35
Puls. 10:40 10:59
Zebra 10:43 10:44
Spikes 11:04 11:12
Puls. 11:12 11:21
Note: The type-IV burst appears in two parts: a structureless drifting contin-
uum starting at 10:12 and a stationary type-IV starting at 10:10, becoming
quite pronounced at 10:27 continuing up to 10:41. The TSRS 2695 MHz flux
exhibits a number of peaks between 10:10–10:45 UT
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
8 14.07.2000 M1.7 12:50 12:57 13:10 S09W01–9002
TSRS 2695 MHz 12:50 12:52 12:56 No CME
IV 12:50 13:35
Fiber 12:45 12:48
Puls. 12:49 13:20
Fiber 12:50 12:51
Zebra 12:54 12:54
Fiber 12:56 12:59
Fiber 13:13 13:40
Spikes 12:49 12:51
Spikes 13:07 13:12
Zebra 13:14 13:14
Spikes 13:15 13:20
9 14.07.2000 M3.7 13:44 14:00 14:30 N22W07–9077
III 13:47 No CME
TSRS 2695 MHz 13:46 13:50 13:51
Spikes 13:45 13:55
Puls. 13:49 13:58
III 13:55
TSRS 2695 MHz 13:53 13:54 13:56
IV 13:47 14:05
Zebra 13:50 13:50
Zebra 13:51 13:52
Zebra 13:54 13:54
Fiber 13:54 13:55
Note: Double peak of TSRS 2695 MHz flux.
10 19.09.2000 M5.1 08:06 08:26 08:42 N14 W46–9165
CME 08:08 283 (76)
IV 08:11 08:27
II 08:13 08:20
III 08:13
Spikes 08:10 08:12
Puls. 08:11 08:12
Note: No HXR or Microwave Data.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
11 18.11.2000 M1.5 13:02 13:25 15:00 N11E37–9235
CME 13:42 74 (120)
HXRS 45 KeV 13:09 13:11 13:12
IV 13:13 13:42
II 13:12 13:17
Spikes 13:07 13:30
Puls. 13:09 13:21
Zebra 13:11 13:11
Zebra 13:15 13:15
Zebra 13:16 13:16
Lace 13:22 13:22
Spikes 13:35 13:40
12 21.04.2003 M2.8 12:54 13:07 13:30 N18E02–10338
CME 12:58 355 (163)
IV 13:04 13:09
II 13:05 13:16
SVTO 4995 MHz 13:03 13:04 13:10
III 13:03
Spikes 13:03 13:07
Puls. 13:04 13:08
Lace 13:05 13:05
Zebra 13:06 13:07
Fiber 13:07 13:09
Spikes 13:08 13:10
Puls. 13:11 13:13
Note: Position Angle from CACTUS Catalogue. SVTO 4995 MHz double peak.
AR Localization from MDI.
13 26.10.2003 X1.2 05:57 06:54 09:00 S15E44–10486
CME 06:13 108 (207)
IV 07:06 09:10
II 06:16 06:30
SVTO 4995 MHz 06:12 08:00
RHESSI 50–100 KeV 06:09 06:12 06:18
Puls. 07:07 07:45
Spikes 07:11 07:12
Lace 07:19 07:19
Zebra 07:22 07:23
RHESSI 50–100 KeV 08:30 08:32 08:34
Puls. 08:35 08:40
RHESSI 50–100 KeV 08:40 08:41 08:42
Note: Probably Multiple Event which began before start time of ARTEMIS-IV;
SVTO 4995 MHz flux exhibits multiple peaks. NRH Data GAP.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
14 28.10.2003 X17.2 09:51 11:10 12:40 S16E08–10486
CME 10:34 124 (147)
IV 10:40 15:00
II 11:03 11:11
SVTO 4995 MHz 11:03 11:25
III 11:03
Spikes 10:33 11:41
Spikes 10:49 11:08
Puls. 11:01 12:26
RHESSI 50–100 KeV 11:06 11:14 11:25
Lace 11:07 11:09
Fiber 11:12 11:20
Fiber 11:43 11:44
Fiber 11:46 11:47
Zebra 11:50 11:50
Fiber 12:00 12:03
Spikes 14:14 14:22
Note: SVTO 4995 MHz flux exhibits multiple peaks.
15 03.11.2003 X3.9 09:43 09:55 11:00 N08W77–10488
CME 09:53 293 (103)
IV 09:57 10:35
II 09:51 10:10
III 09:49
III 09:51
RHESSI 100–300 KeV 09:48 09:49 09:55
SVTO 4995 MHz 09:49 10:20
Spikes 09:48 09:48
Puls. 09:48 09:49
Fiber 09:48 09:48
Puls. 09:53 09:57
Lace 09:57 09:57
Note: SVTO flux exhibits multiple peaks.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
16 04.02.2004 C9.9 11:12 11:18 12:15 S07W49–10547
CME 11:19 274 (33)
IV 11:19 11:26
II 11:16 11:17
III 11:14
SVTO 4995 MHz 11:14 11:16 11:19
Puls. 11:16 11:17
Fiber 11:19 11:24
Puls. 11:19 11:23
Lace 11:19 11:19
Zebra 11:20 11:20
Spikes 11:15 11:20
Note: NRH Data GAP.
17 25.03.2004 C3.7 12:01 12:12 12:20 N01W19–10577
IV 12:08 12:14 LASCO Data GAP.
SVTO 4995 MHz 12:05 12:06 12:07
SVTO 4995 MHz 12:08 12:10 12:12
Zebra 12:07 12:08
Puls. 12:08 12:13
Zebra 12:09 12:09
Zebra 12:11 12:11
Zebra 12:12 12:12
Spikes 12:13 12:15
Note: NRH Data GAP; No EIT Data, MDI is used for spatial localization of
the active region. Double SVTO 4995 MHz peak
18 30.03.2004 C1.7 05:37 05:41 05:46 N15E05–10582
IV 05:43 05:49 LASCO Data GAP.
III 05:45
RHESSI 12–25 KeV 05:36 05:40 05:47
RHESSI 12–25 KeV 06:00 06:05 06:10
Puls. 05:43 05:45
Puls. 05:47 05:49
Spikes 05:48 05:50
Note: Outside NRH Daily Observations; No EIT Data, MDI is used for spatial
localization of the active region. Multiple HXR peaks in two main groups
indicating, probably, a double event.
SOLA: 02_SP_Revision_03.tex; 30 October 2018; 3:42; p. 29
Bouratzis et al.
Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
19 30.03.2004 C5.9 09:41 09:51 09:54 N15E06–10582
IV 09:45 09:55 LASCO Data GAP.
SVTO 4995 MHz 09:44 09:45 09:46
SVTO 4995 MHz 09:51 09:52 09:55
III 09:45
III 09:51
Puls. 09:44 09:47
Puls. 09:51 09:55
Spikes 09:40 09:41
Spikes 09:43 09:46
Spikes 09:48 09:49
Spikes 09:51 09:55
Zebra 09:54 09:55
Note: No EIT Data, MDI is used for spatial localization of the active region.
Multiple SVTO 4995 MHz peaks in two main groups indicating, probably, a
double event fron the same AR; the second part starts at ≈ 09:50 UT.
20 30.03.2004 C4.7 12:54 13:00 13:06 N15E05–10582
CME GAP LASCO Data GAP.
IV 12:56 13:03
III 12:56 13:03
SVTO 4995 MHz 12:56 12:57 12:58
SVTO 4995 MHz 13:00 13:01 13:03
Puls. 12:56 13:03
Fiber 12:57 12:58
Spikes 12:55 12:58
Spikes 13:02 13:04
Spikes 13:08 13:11
Note: Following type-III group at 12:56, there is intermittent type-III activity
up to 13:03 UT. No EIT Data, MDI is used for spatial localization of the active
region. Multiple SVTO 4995 MHz peaks.
21 06.04.2004 M2.4 12:30 13:28 14:30 S18E15–10588
CME 13:17 167 (halo)
IV 13:16 13:26
III 13:16
SVTO 4995 MHz 13:16 13:23 13:30
RHESSI 50–100 KeV 13:19 13:23 13:28
Puls. 13:16 13:24
Zebra 13:22 13:22
Fiber 13:25 13:26
Zebra 13:22 13:22
Note: Multiple SVTO 4995 MHz peaks.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
22 13.07.2004 M5.4 08:40 08:48 10:15 N12W52–10646
CME 08:45 326 (halo)
IV 08:50 09:48
II 08:48 08:57
III 08:46
SVTO 4995 MHz 08:44 08:47 08:51
RHESSI 12–25 KeV 08:39 08:44 08:46
Spikes 08:48 09:14
Fiber 09:04 09:06
Fiber 09:27 09:36
Fiber 09:45 09:51
Note: Position Angle from CACTUS. Multiple SVTO 4995 MHz peaks in a
single group.
23 20.07.2004 M8.6 12:22 12:32 13:00 N11E34–10652
CME 13:17 334 (halo)
IV 07:00 15:00
SVTO 4995 MHz 12:25 12:29 12:36
II 12:33 12:40
Spikes 12:10 14:50
Puls. 12:10 14:50
Fiber 12:56 13:06
Fiber 13:15 13:16
Note: The CME onset appears on the 195 A˚ movies at AR 10652 bound to
North West across the disk. Due to this, non radial, propagation the onset
time is somewhat uncertain.
24 21.07.2004 C8.9 05:05 05:21 06:35 N05E24–10652
CME 05:11 165 (66)
IV 05:41 10:55
III 07:49
III 07:58
III 08:15
SVTO 4995 MHz 05:15 05:16 05:30
RHESSI 12–25 KeV 05:10 05:16 05:30
Puls. 05:42 09:18
Spikes 05:30 06:30
Spikes 06:44 06:56
Spikes 07:17 07:28
Spikes 07:34 07:45
Spikes 07:55 08:22
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
25 14.01.2005 C4.6 12:33 12:41 13:00 S07E05–10718
IV 12:37 12:48 No CME
II 12:47 12:50
III 12:37
SVTO 4995 MHz 12:37 12:38 12:40
III 12:46
RHESSI 25–50 KeV 12:35 12:39 12:42
Puls. 12:37 12:46
Zebra 12:37 12:37
RHESSI 25–50 KeV 12:42 12:43 12:55
Zebra 12:43 12:43
Zebra 12:44 12:44
SVTO 4995 MHz 12:45 12:46 12:47
Zebra 12:47 12:48
Spikes 12:47 12:52
Note: Multiple HXR peaks.
26 15.01.2005 M8.6 05:54 06:38 8:30 N16E04–10720
CME 06:03 359 (halo)
IV 06:21 8:40
SVTO 4995 MHz 05:56 06:29 07:10
Puls. 06:07 06:11
Spikes 06:18 06:24
Puls. 06:18 09:20
Spikes 06:38 06:40
Fiber 06:44 06:45
Spikes 06:46 06:49
Fiber 06:49 06:53
Fiber 07:05 08:26
Spikes 07:58 08:05
Zebra 07:59 07:59
Zebra 08:00 08:00
Zebra 08:03 08:03
Zebra 08:17 08:17
Note: Multiple SVTO 4995 MHz peaks.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
27 17.01.2005 X3.8 6:59 09:52 11:00 N15W25–10720
CME 09:06 334 (halo)
IV 08:40 10:46
II 09:44 9:48
III 09:44
RHESSI 100–300 KeV 09:36 09:50 10:30
SVTO 4995 MHz 09:02 09:29 10:30
Spikes 09:02 09:09
Puls. 09:02 10:27
Spikes 09:13 09:22
Fiber 09:15 09:54
Spikes 09:32 09:34
CME 09:43 309 (halo)
Fiber 09:59 10:49
Spikes 10:12 10:38
Puls. 10:34 11:20
Fiber 11:09 12:02
Puls. 11:33 12:02
Zebra 09:20 09:20
Zebra 10:45 10:45
Spikes 10:56 11:40
Zebra 10:58 11:00
Spikes 11:51 12:01
Note: Two CMEs in close succession with SXR flux rising in two stages (see
Hillaris et al., 2011).
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
28 19.01.2005 X1.3 08:03 08:22 9:00 N15W51–10720
CME 08:08 320 (halo)
IV 08:07 9:00
II 08:11 8:18
III 08:14
RHESSI 100–300 KeV 08:12 08:26 08:38
SVTO 4995 MHz 08:12 08:26 09:20
Spikes 08:05 08:10
Puls. 08:06 08:16
Zebra 08:09 08:09
Spikes 08:12 08:15
Fiber 08:20 08:22
Spikes 08:22 09:03
Puls. 08:39 09:38
Spikes 09:22 09:35
Fiber 09:53 09:54
III 10:24
Puls. 10:23 10:25
Spikes 10:23 10:28
Note: Multiple SVTO 4995 MHz peaks and probably double event with second
part starting at ≈ 09:15 UT.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
29 20.01.2005 X7.1 06:36 07:01 07:45 N15W51–10720
CME 06:08 288 (halo)
IV 06:36 08:00
III 06:39
II 06:44 06:49
III 06:44
III 06:57
III 07:07
RHESSI 25–50 KeV 06:38 06:45 07:27
SVTO 4995 MHz 06:38 06:49 07:30
Spikes 06:36 06:44
II 06:56 06:58
Puls. 06:42 06:47
Spikes 06:46 07:20
Puls. 06:53 07:02
Fiber 06:53 06:59
Fiber 07:05 07:13
Puls. 07:12 07:30
Fiber 07:22 07:26
Zebra 07:28 07:28
Fiber 07:32 07:56
Zebra 07:34 07:34
Puls. 07:35 07:50
Spikes 07:35 07:40
Note: Double SVTO 4995 MHz peak.
30 13.07.2005 M5.0 14:01 14:49 18:15 N11W90–10786
CME 14:12 303 (halo)
IV 13:56 14:23
RHESSI 25–50 KeV 14:12
SVTO 4995 MHz 14:02 14:18 14:34
Puls. 13:52 14:12
Zebra 13:58 13:59
Fiber 14:03 14:06
Zebra 14:08 14:08
Spikes 14:09 14:11
Puls. 14:16 14:22
Zebra 14:18 14:18
Zebra 14:19 14:19
Zebra 14:21 14:21
Zebra 14:22 14:22
Note: No EIT Data, MDI is used for spatial localization of the active region.
Activity Extends beyond ARTEMIS-IV Observation Period.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
31 14.07.2005 X1.2 10:16 10:55 12:00 N11W90–10786
CME 10:27 296 (halo)
IV 10:26 12:03
III 10:32
III 10:38
RHESSI 25–50 KeV 10:25 10:27 10:29
SVTO 4995 MHz 10:30 10:35 11:25
RHESSI 25–50 KeV 11:00 11:04 11:25
Puls. 10:18 11:14
Spikes 10:32 10:34
Spikes 10:40 10:55
Fiber 11:10 12:12
Puls. 11:26 11:48
Note: NRH Data GAP. Multiple SVTO 4995 MHz peaks.
32 30.07.2005 X1.3 06:17 06:35 07:30 N12E60–10792
CME 06:21 050 (halo)
IV 06:21 06:44
II 06:26 06:32
III 06:28
SVTO 4995 MHz 06:20 06:32 06:45
RHESSI 100–300 KeV 06:27 06:32 06:45
Spikes 06:20 06:23
Spikes 06:26 06:39
Puls. 06:29 06:36
Note: Outside NRH Daily Observations. Multiple SVTO 4995 MHz peaks
33 22.8.2005 M2.6 00:44 01:33 09:00 S11W65–10798
CME 05:09 222 (56)
IV 05:43 6:30
RHESSI 6–12 KeV 05:50 06:01 06:30
Spikes 05:40 05:46
Puls. 05:52 05:54
Zebra 05:53 05:54
Zebra 05:59 06:03
Spikes 06:14 06:14
Note: Partial Observation of the end of a type-IV Continuum starting at about
00:44 UT,as reported by the Culgoora Radio–Spectrograph. Outside NRH
Daily Observations.
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Table A1.: ARTEMIS-IV Observations – Continued
# Date Activity Start Max End Position of
Universal Time AR–CME
34 23.8.2005 M2.7 14:19 14:44 16:08 S11W65–10798
CME 14:45 230 (halo)
IV 14:26 15:02
SVTO 4995 MHz 14:23 14:49 15:20
RHESSI 50–100 KeV 14:23 14:38 15:10
Spikes 14:26 15:00
Note: Activity Extends beyond ARTEMIS-IV Observation Period. Multiple
HXR and SVTO 4995 MHz peaks
35 12.02.2010 M8.3 11:19 11:26 11:28 N26E11–11046
CME 11:18 044 (halo)
IV 11:26 11:32
IV 12:00 12:45
II 11:26 11:31
III 11:25
III 11:29
RHESSI 50–100 KeV 11:21 11:26 11:36
Spikes 11:24 11:25
Spikes 12:00 12:12
Puls. 11:25 11:28
36 01.08.2010 C3.2 07:55 08:26 09:35 N20E36–11092
CME 08:27 084 (halo)
IV 08:06 10:00
RHESSI 100–300 KeV 08:00 08:33 08:48
Puls. 08:00 08:03
Spikes 08:08 08:09
Spikes 08:18 08:22
Puls. 08:16 09:26
Fiber 08:26 09:36
Spikes 09:30 09:50
Fiber 09:47 09:48
Spikes 10:12 10:20
Note: NRH Data GAP.
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B. Details on the ARTEMIS-IV Recordings and Accompanying Data
In the following figures we present dynamic spectra and other observational data
for the 36 events used in the compilation of table A1 and figures 9, 8 and 10. They
are intended to show the temporal and spatial association of type IV continua
and their fine structure with flares, microwave and HXR bursts and CMEs, as
detailed in section 2. In each Figure we give:
• The upper panel shows medium resolution dynamic spectra recorded by the
ARTEMIS-IV/ASG in the 650–20 MHz range (cadence of 10 samples/sec);
in the 270-450 MHz range the ARTEMIS-IV/SAO high sensitivity–high
time resolution spectrum is overlaid (sampling rate 100 samples/sec).
• Soft X–Ray (SXR) light curves, obtained from the Geostationary Opera-
tional Environmental Satellites (GOES). The CME Onset times are marked
with arrows; they were estimated from the LASCO movies using the linear
regression and are included in the on–line LASCO event lists.
• Hard X–Ray (HXR) light curves from the Reuven Ramaty High Energy So-
lar Spectroscopic Imager (RHESSI) archive for events after the beginning of
2003; prior to 2003, HXR data are from the MTI/HXRS and BATSE/GRP
experiments.
• Centimetric Radio Flux; 4.995 GHz radio flux profiles from the Radio Solar
Telescope Network (RSTN) or, in a few events, from the 2.695 GHz channel
of the Trieste solar Radio System (TSTS).
• Timeline plot; relative timing of Pulsations, fiber bursts, zebra stripes and
Spike groups associated with type-IV continuum.
• Type IV–flare–CME positions; these include, from left to the right: Nanc¸ay
Radioheliograph (NRH) half power contours at 164, 236, 327 MHz, 410
and 432 MHz (when available), overlaid on Extreme Ultraviolet Imaging
Telescope (EIT) images. When EIT data were not available, MDI images
were used to identify the associated active region. The flare position from
the NOAA/SGD catalogs is schematically shown in the middle panel, for
comparison with the direction of the CME launch to the right panel. This is
marked graphically in the right panel, which shows the CME measurement
position angle (MPA) and, for non-halo CMEs, the angular width, both
from the LASCO coronograph event lists and the CACTUS CME catalogue.
A concise list of the dates and event start and end times is given in Table B1
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Table B1. List of Event Dates and Start–End Times.
# Date Start End # Date Start End
Universal Time Universal Time
1 30.06.1999 11:24 11:45 2 13.07.1999 05:22 07:00
3 15.04.2000 10:04 10:55 4 15.04.2000 12:13 14:43
5 30.04.2000 07:53 09:30 6 11.07.2000 12:12 15:20
7 14.07.2000 10:03 11:30 8 14.07.2000 12:50 13:40
9 14.07.2000 13:44 14:30 10 19.09.2000 08:06 08:42
11 18.11.2000 13:02 15:00 12 21.04.2003 12:54 13:30
13 26.10.2003 05:57 09:10 14 28.10.2003 09:51 15:00
15 03.11.2003 09:43 11:00 16 04.02.2004 11:12 12:15
17 25.03.2004 12:01 12:20 18 30.03.2004 05:37 06:10
19 30.03.2004 09:41 09:55 20 30.03.2004 12:54 13:11
21 06.04.2004 12:30 14:30 22 13.07.2004 08:39 10:15
23 20.07.2004 12:10 15:00 24 21.07.2004 05:05 10:55
25 14.01.2005 12:33 13:00 26 15.01.2005 05:54 08:40
27 17.01.2005 06:59 12:00 28 19.01.2005 08:03 10:28
29 20.01.2005 06:36 07:56 30 13.07.2005 14:01 18:15
31 14.07.2005 10:16 12:12 32 30.07.2005 06:17 07:30
33 22.08.2005 00:44 09:00 34 23.08.2005 14:19 16:08
35 12.02.2010 11:18 12:45 36 01.08.2010 07:55 10:20
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ARTEMIS IV DYNAMIC SPECTRUM: 1999−06−30
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Figure B1. 30 June 1999
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Figure B7. 14 July 2000 Event(A)
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Figure B8. 14 July 2000 Event(B)
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Figure B9. 14 July 2000 Event(C)
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Figure B11. 18 November 2000
SOLA: 02_SP_Revision_03.tex; 30 October 2018; 3:42; p. 50
Association of Metric Type-IV Fine Structures with Flares and CMEs
ARTEMIS IV DYNAMIC SPECTRUM: 2003−04−21
F
re
q
 (
M
H
z)
50
100
150
200
300
400
500
600
0
1
2
3
GOES
↓
CME
onset
W
/m
2  
(1
0−
5 )
 
 
1−8A
0.5−4A
200
400
600
F
lu
x
 (
S
F
U
)
SVTO
 
 
    4995 MHz
12:55 13:00 13:05 13:10 13:15 13:20 13:25 13:30
  IV
  II
  Puls
  Fibers
  Spikes
  Zebra
TIME (UT)
Figure B12. 21 April 2003
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Figure B13. 26 October 2003
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Figure B14. 28 October 2003
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Figure B15. 03 November 2003
SOLA: 02_SP_Revision_03.tex; 30 October 2018; 3:42; p. 54
Association of Metric Type-IV Fine Structures with Flares and CMEs
ARTEMIS IV DYNAMIC SPECTRUM: 2004−02−04
F
re
q
 (
M
H
z)
150
200
300
400
500
600
0
0.5
1 GOES
↓
CME
onset
W
/m
2  
(1
0−
5 )
 
 
1−8A
0.5−4A
150
200
250
300
F
lu
x
 (
S
F
U
) SVTO
 
 
    4995 MHz
11:10 11:15 11:20 11:25 11:30
  IV
  II
  Puls
  Fibers
  Spikes
  Zebra
TIME (UT)
Figure B16. 04 February 2004
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Figure B17. 25 March 2004
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Figure B18. 30 March 2004 Event(A)
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Figure B19. 30 March 2004 Event(B)
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Figure B20. 30 March 2004 Event(C)
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Figure B21. 06 April 2004
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Figure B22. 13 July 2004
SOLA: 02_SP_Revision_03.tex; 30 October 2018; 3:42; p. 61
Bouratzis et al.
ARTEMIS IV DYNAMIC SPECTRUM: 2004−07−20
F
re
q
 (
M
H
z)
50
100
150
200
300
400
500
600
0
5
10
GOES
↓
CME
onset
W
/m
2  
(1
0−
5 )
 
 
1−8A
0.5−4A
1
2
3
4
F
lu
x 
(S
F
U
) 
(1
03
) SVTO
 
 
    4995 MHz
12:30 13:00 13:30 14:00 14:30 15:00
  IV
  II
  Puls
  Fibers
  Spikes
TIME (UT)
Figure B23. 20 July 2004
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Figure B24. 21 July 2004
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Figure B25. 14 January 2005
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Figure B26. 15 January 2005
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Figure B27. 17 January 2005
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Figure B28. 19 January 2005
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Figure B29. 20 January 2005
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Figure B30. 13 July 2005
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Figure B31. 14 July 2005
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Figure B32. 30 July 2005
SOLA: 02_SP_Revision_03.tex; 30 October 2018; 3:42; p. 71
Bouratzis et al.
ARTEMIS IV DYNAMIC SPECTRUM: 2005−08−22
F
re
q
 (
M
H
z)
50
100
150
200
300
400
500
600
0
0.5
1
1.5 GOES
↓
CME
onset
W
/m
2  
(1
0−
6 )
 
 
1−8A
0.5−4A
0
100
200
C
o
u
n
ts
/s
ec RHESSI
 
 
   6  − 12 keV
05:00 05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00
  IVI
  Puls
  Spikes
  Zebra
TIME (UT)
Figure B33. 22 August 2005
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Association of Metric Type-IV Fine Structures with Flares and CMEs
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